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Abstract : Influences of IgE-mediated allergy and cigarette smoking on pathophysiology, 
evaluated by bronchial hyperresponsiveness and the generation of LTB4 and LTC4, of 
asthma were examined in 69 patients with asthma sensitive to inhalant allergens such 
as house dust mite and Candida albicans. 
1 . Bronchial byperresponsiveness was significantly higher in previous and current 
smokers of asthmatics than in never-smokers. 2 . The generation of leukotrienes 84 
(LTB4) and C4 (LTC4) by leucocytes was significantly larger in patients with serum IgE 
over 350 IU/ml than in those with serum IgE less than 150 IU/ml (LTB4 : p<O. 01 , 
LTC4 : p<0.05) . 3 . Long term glucocorticoid regimen suppressed the generation of 
LTC4, but not bronchial hyperresponsiveness and LTB4 generation. 4 . Bronchial 
hyperresponsiveness was not significantly correlated with patient age in thse patients 
with atopic asthma. The results demonstrate that IgE-mediated allergy significantly en- 
hances the generation of LTB4 and LRC4 by leucocytes, and cigarette smoking signifi- 
cantly enhances bronchial hyperresponsiveness in patients with atopic asthma. 
Key words : lgE - mediated allergy, bronchial hyperresponsiveness , LTB4, LTC4, asthma, 
cigarette smoking 
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Introduction Subjects and Methods 
Asthma is clinically classified into two types, 
atopic and non-atopic, on the basis of the pres- 
ence or absence, respectively, of IgE-mediated 
 reaction^',^'. Atopic asthma is caused by IgE- 
mediated allergy, which is clinically evaluated 
by serum IgE levels, skin reactivity, radio- 
allergosorbent test (RAST) score for inhalant 
allergens , basophil histamine release 3 .  ' and 
bronchial challenge test with corresponding all- 
ergens. Patients with atopic asthma often have 
a family history of allergic disease, suggesting 
that IgE-mediated allergy is closely related to a 
family history of allergic diseases. 
Bronchial hyperresponsiveness is one of the 
characteristics demonstrating the pathophysiology 
of asthma. Our previous studies have shown 
that bronchial hyperresponsiveness decreased 
significantly as age at onset increased in pa- 
tients without a family history , and further that 
respponsiveness was significantly higher in pa- 
tients who were >60 years of age at onset who 
had a family history than in those who did not5). 
It has been shown that relationship between 
smoking and allergy is complex6'. During the 
first three years of l ie ,  both prenatal and post- 
natal exposure to environmental tobacco smoke 
( E n )  appears to have an adjuvant effect on al- 
lergic sensitization '' . Exposure to cigarette 
smoke increases sensitization to food allergens 
in a few years of life''', but not associated with 
sensitization to inhaled  allergen^'^^"'. 
In the present study, influences of IgE-medi- 
ated allergy and cigarette smoking on bronchial 
hyperresponsiveness and the generation of 
leukotrienes B4 (LTB4) and C4 (LTC4) by pe- 
ripheral leucocytes were studied in patients with 
atopic asthma. 
The subjects of this study were 69 patients (28 
females and 41 males, mean age 64.3 years) with 
atopic asthma showing a positive RAST score 
for inhalant allergens such as house dust mite and 
Candida albicans. Of them, 28 patients were 
previous and current smokers (all males, mean 
age 66.2 years, who had a history of smoking 
with 40.5 pack-years) and residual 41 were never- 
smokers. Further, 21 patients had long-term 
glucocorticoid regimen for more than 10 years. 
Five milliliters 6% dextran (molecular weght- 
200,000 kDa) (Nacalai Tesque Inc. ) were added 
to 20 mL heparinized peripheral blood, and the 
resultant mixture incubated for 1 h at room 
temperature. The density was adjusted to 5x106 
cells - mL' ,  and the cells were then stimulated 
with 1 ,u g calcium ionophore A23187. LTC4 
and LTB4 were quantified by means of high- 
performance liquid chromatography, as described 
by Lam et al l" .  
Bronchial responsivenesss to methacholine was 
assessed in all subjects. Respiratory resistance 
(Rrs) during continuous inhalation of methacho- 
line in stepwise increments was measured using 
a TCK 6100 Astograph (Chest Co)I3'. Metha- 
choline was serially diluted two-fold with saline 
(in 10 dose steps from 25 mg-mL-' to 49 p g . m  
L') and prepared for bronchial cha-llenge, which 
proceeded according to the method of Chai et 
al. "'. The increase in Rrs after methacholine in- 
halation was measured using the forced oscillation 
technique. The minimum dose of methacholine 
(Cmin) inducing bronchocon-striction was used 
as an indicator of bronchial hyperresponsiveness. 
Serum IgE was measured by radioimmuno- 
sorbent test (RIST) , and IgE antibodies specific 
to aeroallergens including house dust mite, pol- 
lens and moulds were measured using Pharmacia 
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CAP system (Pharmacia Diagnostics AB) . 
Statistically significant differences of the mean 
were estimated using the unpaired Student't test. 
A p value of <O. 05 was regarded as significant. 
Results 
Bronchial hyperresponsiveness was not signifi- 
cantly correlated with serum IgE levels. In cont- 
rast, cigarette smoking influenced bronchial 
hyperresponsiveness : the responsiveness was 
significantly higher in previous and current 
smokers of asthmatics with serum IgE less than 
150 IU/ml and between 151 and 350 IU/ml 
than in never- smokers. However, in patients 
with serum IgE over 351 IU/ml, a significant 
difference was not found between ex-smokers 
and never-smokers (Fig. 1 ) . 
The generation of LTB4 was in general larger 
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Fig.1. Comparison between bronchial hyperresponsiveness t o  
methadloline and serum IgE level in patients with asthma 
in relation t o  agarette smoking. a: p<0.001, b: p<0.01. 
eration between ex-smokers and never-smokers. 
The LTB4 generation significantly increased as 
I serum IgE level increased in never- smokers, 
and the amount of LTB4 was significantly larger 
in patients with serum IgE over 351 IU/ml 
compared with the amount in those with serum 
IgE less than 150 IU/ml (p<0 . 01) and 
between 151 and 350 (p<O. 02). However, the 
LTB4 generation was not correlated with serum 
IgE levels in ex-smokers (Fig. 2 ) . 
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Fig.2. Correlation between leukotriene 84 generation by 
leucocytes and serum IgE level in patients with 
asthma in relation t o  cigarette smoking. 
a : pc0.01. b: p<0.02. 
The generation of LTC4 by leucocytes was 
significantly higher in patients with serm IgE 
levers over 351 IU/ml than in patients less 
than 150 IU/ml of serum IgE (p<O. 05) and in 
those between 151 and 350 IU/ml (p<O. 05). 
A significant difference was not found in LTC4 
generation between ex- smokers and never - 
smokers (Fig. 3 ) . 
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Fig.3. Correlation between leukotriene C4 generation by 
leucocytes and serum IgE level in patients with 
asthma in relation t o  cigarette smoking. 
a and b: p<O.OS. 
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The LTC4 generation was significantly lower 
in ex- smokers with long- term glucocorticoid 
regimen than in those without glucocorticoid 
therapy, but the difference in LTC4 generation 
between patients with and without long-term 
glucocorticoid regimen was not significant in 
never - smokers. Influences of long- term gluco- 
corticoid regimen were not observed in bron- 
chial hyperresponsivenes and LTB4 generation 
(Table 1 ) .  
Table 1. Effects of long-term glucocorticoid regimen on 
bronchial hypenesponsiveness, annd LTB4. LTC4 
generation in patients with asthma 
Long-term glucocorticoid 
reglmen Difference 
- + 
Nonsmoker 
No 28 13 
Prednisolone 4.8 f 2.1 a - (mglday) 
Bmnchial 
hyperresparsknes. 
1168 1709 NS 
LTB4 generation 82.5 69.1 NS 
(ng/5x1 o6 cells) 
LTC4 generation 61.5 30.8 pc0.001 
(nglSx10~ cells) 
Smoker 
No 20 8 
Pr nls on 
%$Aayf 8.8 f 3.2' 
BmMhial 
hyperrespar.+enen* 457 29EC NS 
LTB4 generation 11 5.2 111.8 NS 
(ng/~x10~cells) 
LTC4 generation 66.1 50.1 NS (ng/5x106 cells) 
a:P<0.01, b:p<0.05. and cw0.02. gmnchial hyperrerpanrivenm y, 
mfhacholin ( tt e lml). NS: mt significant 
A significant correlation was not observed be- 
tween bronchial hyperresponsiveness and patient 
age in both ex-smokers and never-smokers, as 
shown in Fig. 4 and Fig. 5 . 
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Fig.5. Correlation between leukotriene 84 generation by 
leucocytes and age in nonsmokers o f  patients with 
asthma 
Discussion 
In atopic asthma, IgE-mediated allergy play an 
important role in pathogenesis of the disease. Our 
previous studies demonstrate that the leucocytes 
of patients with atopic asthma generated signifi- 
cantly more LTC4 than those of patients with 
nonatopic asthma, suggesting that LTC4 produc- 
tion is more closely related to IgE-mediated 
allergy than to other asthmatic reaction'''. Furt 
her, it has been shown that the leucocytes of 
patients with relatively more severe hyper- 
responsiveness to methacholine produced signifi- 
cantly more LTB4 than those of patients who 
are less hyperresponsive. Fujimura et a1 . 
showed that interleukin-8 induces bronchial 
hyperresponsiveness as well as airway neutrophil 
accumulation in guina-pigs in vivo, and that 
this may be partly mediated by the release of 
LTB4. Although hyperresponsiveness to metha- 
choline also significantly correlated with 
leukotriene C4, this correlation was weaker than 
that between hethacholine hyperresponsiveness 
and LTB4 production. 
In the present study, influences of IgE-medi- 
ated allergy, cigarette smoking, and long-term 
regimen of glucocorticoids, as one of the agents 
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influencing the pathophysiology of asthma, were 
examined in patients with atopic asthma. At 
first, serum IgE levels were to a certain extent 
correlated with the generation of LTB4 and 
LTC4 in never-smokers of asthmatics, but not 
in ex-smokers. Furthermore, Serum IgE levels 
were not correlated with bronchial hyperrespons- 
iveness. The results suggest that cigarette smok- 
ing influences the generation of LTB4 and LTC4 
enhanced by IgE-mediated allergy. Socondarily, 
it was demanstrated in this study that cigarette 
smoking enhanced bronchial hyperresponsiveness, 
and the hyperresponsiveness was significantly 
higher in ex-smokers of asthmatics with serum 
IgE less than 150 IU/ml and between 151 and 
350 IU/ml compared with hyperresponsiveness 
in never-smokers. However, a significant differ- 
ence in bronchial hyperresponsiveness between 
ex-smokers and never-smokers was not ob- 
served in patients with serum IgE over 351 IU/ 
ml. The results reveal that the influence of smok- 
ing on bronchial hyperresponsiveness was smaller 
than the influence of IgE-mediated allergy. The 
amount of LTB4 and LTC4 generated by 
leucocytes appeared to be larger in ex-smokers 
than in never-smokers, but this difference was 
not significant. Thirdly, long- term glucocorticoid 
regimen suppressed the generation of LTC4 in 
never-smokers of asthmatics, but not in ex- 
smokers. The regimen of glucocorticoids was not 
correlated with bronchial hyperresponsiveness. 
The results obtained here suggest that IgE-me- 
diated allergy and cigarette smoking enhances 
the generation of LTB4 and LTC4, and brronchial 
hyperresponsiveness, which is closely related to 
an increase in the generation of LTB4. 
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ハウスダストあるいカンジダ抗原に対して特異  
的IgE抗体が陽性を示す気管支喘息69例を対象に，  
IgE系反応と喫煙の，気道過敏性および白血球の  
